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© An ion mobility spectrometer is provided which 
employs an electron capture process. A sample gas 
stream is irradiated to produce positive ions and 
electrons in an ionization chamber (26). An open grid 
electrode (Ei ) is employed in the ionization chamber 
to maintain a field-free space that allows ion popula- 
tion to build up in the ionization chamber. However, 
a high electric field is periodically generated across 
the ionization chamber for periods of less than one 
millisecond to cause most ions of one polarity in the 
ionization chamber to be swept out and into a drift 
chamber (30). Ions of opposite polarity are dis- 
charged on the walls of the ionization chamber (26). 
The ions entering the drift chamber (30) travel at 
drift velocities dependent on their respective charge 
and mass. A collector electrode (32) is provided for 
sequentially collecting ions of differing mass, and the 
collected ion current is transmitted to a signal pro- 
cessing means for measuring intensity and arrival 
times for the collected ions. A potential can be 
maintained between the drift chamber (30) and the 



ionization chamber (26) for preventing ions from 
travelling down the drift chamber. However, this po- 
tential between the drift chamber and the ionization 
chamber may periodically be switched synchronous- 
ly with the generation of the field across the ioniza- 
tion chamber to enable ions to pass into the drift 
chamber during the switching. 
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The present invention relates to ion mobility 
spectrometers. 

Ion mobility spectromet rs ar used to detect 
at least selected constituents in a stream of sample 
gas. An ion mobility spectrometer may be used, for 
xample, to detect the presence of contaminants in 
air or to detect explosives. 

Ion mobility spectrometers have been commer- 
cially available since about 1970. An early ion 
mobility spectrometer is disclosed, for example, in 
U.S. Pat. No. 3,699,333 which issued to Cohen et 
al. in 1972. Early work in ion mobility spectrom- 
eters also is described by Cohen and Karasek in 
the Journal of Chromatographic Science, Volume 8 
pages 330-337 which was published in 1970. A full 
r view of the theory of ion mobility spectrometry is 
provided in Mobility and Diffusion of Ions in Gasses 
by McDaniel and Mason which was published by 
John Wiley and Sons in 1973. Ion mobility spec- 
trometers produced during the last 20 some years 
have all been fundamentally the same as the early 
ion mobility spectrometer described by Cohen and 
Karasek. 

A typical prior art ion mobility spectrometer is 
illustrated schematically in FIG. 1 and is identified 
generally by the numeral 10. The prior art ion 
mobility spectrometer 10 is comprised of two parts, 
namely, the ionization or reaction region 12 and the 
drift region 14. A sample of air to be analyzed is 
fed into the ionization region 12 on a stream of air 
or carrier gas containing a halogenated compound, 
such as methylene chloride. The carrier or air is 
ionized by the action of 0 particles, which typically 
are emitted from a radioactive nickel 63 source, and 
which form positive ions and electrons. The elec- 
trons are all captured by oxygen or the halogen 
which is in vast excess in the ionization region 12 
of prior art detector 10. The ions which are formed 
immediately come under the influence of an elec- 
tric field Vi in the ionization or reaction region 12, 
as shown in FIG. 1 . The polarity of the field is set 
to direct the ions of interest (i.e. positive or nega- 
tive) toward the drift region 14 of the prior art 
detector 10. For simplicity, only the negative ion 
analysis will be described here with respect to the 
prior art detector 10. 

Sample molecules that are carried into the 
ionization or reactor region 12 of the prior art 
detector 10 may react with the negative ions 
present if the sample is more electro negative than 
the negative charge carrier. This type of ion mol- 
ecule reaction is commonly known as charge trans- 
fer. Charge transfer processes can occur in areas 
of high fi Id strength because there are many 
opportunities for dissipating the energy in the reac- 
ting bodies. How ver, the charge transfer efficiency 
in the prior art d tector 10 employing the prior art 
ion mobility spectrometer technology is very low. 



Negativ ions, including both sample and reac- 
tant ions ar attracted toward a shutter grid 16 of 
the prior art detector 10 as shown in FIG. 1. The 
shutter grid 16 has been essential to all prior art 

5 designs of ion mobility spectrometers and was first 
described by Bradbury and Nielson and was fully 
explained operationally by McDaniel and Mason in 
their above referenced work, Mobility and Diffusion 
of Ions in Gases. Unfortunately, however, the shut- 

w ter grid 16 of the prior art detector 10 only allows 
ions to pass through into the drift and collector 
region 14 for a short period of time, which typically 
is about 0.2 mS of duration and which occurs every 
20 mS. At all other times, the ions arriving at the 

rs shutter grid 16 of the prior art detector 10 shown in 
FIG. 1 are discharged. This means that of the 
comparatively few molecules which were ionized, 
approximately 99% are annihilated in the prior art 
detector 10 before they can be detected. The total 

20 ionization and collection efficiency of the best prior 
art detector of the type shown in FIG. 1 is less than 
0.01%. In view of this inherent inefficiency, prior art 
ion mobility spectrometers may fail to detect the 
presence of certain gases of interest which are in 

25 fact present in a sample of air being analyzed. For 
example, prior art ion mobility spectrometers that 
are used in bomb detectors may be unable to 
detect many of the organo nitro explosives, such 
as RDX. Additionally, the reactant ion in the prior 

30 art ion mobility spectrometer, usually Oi or CI - , is 
likely to mask other light ions, thus making the 
prior art ion mobility spectrometer unsuitable for 
detection of such light ions. 

In view of these deficiencies of the prior art 

35 detectors, it is an object of the subject invention to 
provide an improved and more efficient ion mobility 
spectrometer. 

It is a further object of the subject invention to 
provide an ion mobility spectrometer that is much 

40 more effective in detecting the presence of explo- 
sive ions. 

It is a further object of the subject invention to 
provide an ion mobility spectrometer that is particu- 
larly effective in detecting plastic explosives. 

45 Still a further object of the subject invention is 

to provide an ion mobility spectrometer that is 
particularly effective for detecting light ions, such 
as oxygen and oxides of nitrogen and other at- 
mospheric contaminants. 

50 The subject invention is directed to a method 
and apparatus to vastly improve the efficiency, 
resolution and sensitivity of ion mobility spectrom- 
eters. The subject invention enables extremely low 
concentrations of electrophilic vapors, such as x- 

55 plosiv vapors, to be detected where previously 
such detection was impossible. An additional ad- 
vantag of the subject invention is gained by elimi- 
nating the reactant ion, and thereby enabling de- 
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tection of other light ions such as the negativ NO3 
ion which dissociates from certain xpiosiv ions. 
The description of the invention presented her in 
will relate primarily to negativ ion analysis. How- 
ver, it will be appreciated that sensitivity to posi- 
tive ions also will be improved by the apparatus 
and method of the subject invention. 

The improved ion mobility spectrometer of the 
subject invention employs an electron capture pro- 
cess which provides a very high cross-section for 
capture at electron energy levels lower than a 
fraction of one electron volt. This provides an ion- 
ization efficiency that is much higher than the effi- 
ciency of the prior art charge transfer process and 
apparatus referred to above. 

The electron capture process of the subject 
invention relates primarily to the ionization region 
and the start of the ion drift region of an ion 
mobility spectrometer. The latter part of the ion 
drift region and the collector of the subject ion 
mobility spectrometer may be of substantially con- 
ventional design. 

The detector of the subject invention employs 
a stream of inert carrier gas, such as nitrogen, to 
feed the air sample to be tested for molecules of 
interest into the subject ion mobility spectrometer. 
The nitrogen carrier gas is irradiated with radiation 
from a radioactive source such as tritium or 
nickel 63 to form nitrogen positive ions and elec- 
trons. Electrophilic molecules react with the ther- 
malised electrons by combination to form negative 
ions. Similarly, other non-electrophilic organic com- 
pounds may react with the N2 ions to form organic 
positive ions. 

The ionization chamber of the subject ion mo- 
bility spectrometer is a field-free region where the 
ion population, both electrons and positive ions, is 
allowed to build up by the action of the 0 particles 
on the carrier gas. The high density of electrons 
produces a very high probability of ionization of the 
molecules of interest, and hence, an extremely 
high ionization efficiency. 

As explained further herein, the apparatus and 
process of the subject invention achieves several 
very significant advantages. In particular, for nega- 
tiv ions, the process of ionization is improved 
significantly by changing from the prior art charge 
transfer process to an electron capture process. 
The reactant ion concentration (electrons or posi- 
tive ions) is increased, thereby also increasing the 
probability of ionization. The subject apparatus 
does not employ a shutter grid as in the prior art 
and hence, there is no loss of ions by discharge 
onto a shutter grid. Ions that ar accumulated over 
a 20 mS tim period may b compr ssed into a 
pulse of 0.2 mS. This increases density and in- 
stantaneously collected current by a factor of 100. 
In the negative ion mode, there are no reactant 



tons in the subject apparatus to mask light ions 
which may be of int rest, or other light ions pro- 
duced by spontaneous dissociation from "heavy" 
ions. This is particularly important for the detection 
5 of many organo nitro explosive molecules, such as 
RDX, which dissociate after ionization. RDX is not 
normally detectable in prior art ion mobility spec- 
trometers. Additionally, there is no distortion of the 
drift field by the large space charge produced by 
to the reactant ion in the prior art ion mobility spec- 
trometer. The electron space charge is removed in 
a few microseconds, and is well separated from all 
negative ions. This also reduces diffusion caused 
by the repulsive effect space charge, thus increas- 
75 ing resolution. 

These and other advantageous combine to pro- 
duce a more sensitive detector with better resolu- 
tion than the prior art detector described above. 
These improvements allow the detector of the sub- 
20 ject invention to detect vapors from extremely low 
volatility compounds, such as RDX, which is a 
common constituent of plastic explosives. For this 
particular application, the detector preferably is op- 
erated at an elevated temperature above 100*C. 
25 The invention is described further hereinafter 
by way of example only, with reference to the 
accompanying drawings, in which:- 

Fig. 1 is a schematic cross-sectional view of a 
prior art detector employing prior art ion mobility 
30 spectrometry; 

Fig. 2 is a cross-sectional view of a detector in 

accordance with the present invention; 

Fig. 3 is a graph showing electrode potentials; 

and 

35 Fig. 3A is an enlargement of a portion of the 
graph shown in Fig. 3 . 

A detector in accordance with the subject in- 
vention is illustrated in FIG. 2 and is identified 
generally by the numeral 20. The detector 20 in- 

40 eludes an inlet 22 into which sample molecules of 
interest are fed on a stream of nitrogen gas. It is to 
be understood, however, that other inert carrier gas 
may be used in place of nitrogen. For example, 
helium may be preferred for positive ion detection. 

45 The carrier gas and sample gas of interest are 
directed from the inlet 22 through a diffuser 24 and 
into an ionization chamber 26. The diffuser 24 is 
operative to spread the carrier gas and sample air 
of interest substantially uniformly across the ioniza- 

50 tion chamber 26. The inlet 22 and the diffuser 24 
preferably are dimensioned and are operative to 
achieve a mean velocity of the carrier gas and 
sample air of interest through the ionization cham- 
ber 26 of about 1-5 mm/s. 

55 The ionization chamber 26 is a shallow cylinder 

with a diameter W D B which preferably is in the 
rang of 10-30 mm and a length "L" which prefer- 
ably is in the range of 2-5 mm. The walls of the 
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ionization chamber 26 comprise radioactive 
nickel 63 as shown in FIG. 2. As noted above, how- 
ever, other radioactive sources, such as tritium, 
may be employed in place of the nicker 53 . The 
carrier gas and sample air of interest proceed 
through the ionization chamber 26 and exit through 
an open grid electrode Ei into the ion drift region 
30 having several field defining electrodes E 2 -E n . 

Most of the time the grid electrode Ei is main- 
tained at the same potential as the remaining walls 
of the ionization chamber 22 to provide a largely 
field-free space. Electron and positive ion charges 
build up and sample molecules of interest react 
with the electrons to form negative ions. 

The range of the particles from nickel 63 can 
be as long as 15 mm in the carrier gas in the 
detector 20. Thus, some of the primary 0 particles 
may pass beyond the grid Ei into the region be- 
tween the grid Ei and a second open grid elec- 
trode E 2 provided downstream in the ion drift re- 
gion 30 of the detector 20. Further positive ions 
and electrons are generated in this region where 
they are not wanted. In order to prevent these ions 
from passing down the ion drift region 30 and 
being collected at the collector plate 32 at the end 
of the ion drift region 30, a potential of approxi- 
mately 100 volts is maintained between the two 
grids Et and E 2 in the opposite direction to the 
field in the drift region between the open grid 
electrode E2 and the collector plate 32. For nega- 
tive ion analysis, the open grid electrode E 2 is held 
at between 100-200 volts more negative than the 
open grid electrode Ei . The resulting effect is that 
ions generated within the ionization chamber 26 
stay contained in the ionization chamber 26, while 
ions generated in the region between the open grid 
electrodes Ei and E 2 will drift towards one or the 
other of these grid electrodes Ei and E 2 at speeds 
dependant on their mobility. Heavy ions are dis- 
charged within about 1-2 mS. However, electrons 
are discharged 1000 times faster or in between 
about 1-2 microseconds. This produces a net posi- 
tive charge in this region, but no ions are allowed 
to escape into the remaining drift region 30 towards 
the collector electrode 32. 

After a time of approximately 10-20 mS, the 
reaction or ionization region 26 contains positive 
ions, electrons and negative sample ions. The re- 
gion between the open grid electrodes Ei and E 2 
contains electrons and positive ions. Periodically a 
field is established across the reaction or ionization 
region 26 by making the inlet diffuser 24 and 
radioactive source 28 more negative than the open 
grid electrode Ei. A high potential diff rence of 
between 500-1000 volts is switched on for between 
0.1-0.2 mS. This is sufficient to sweep most of the 
negative ions from the reactor or ionization region 
26 of the detector 20. At the same time that the 



field is switched across the reaction or ionization 
region 26, th field is also reversed between th 
open grid lectrodes Ei and E 2l so that th open 
grid electrode Ei becomes mor negative than the 

5 open grid electrode E 2 . The potentials on each 
electrode for a negative ion analysis are shown 
graphically in FIG. 3. 

After approximately 0.2 mS, the field across 
the reaction or ionization region 26 is again re- 

70 duced to zero, and the ion population is again 
allowed to build up in the ionization chamber 26. 
Simultaneously, the negative ions which escaped 
from the reaction or ionization chamber 26 exper- 
ience a constant electric field maintained by the 

15 annular electrodes E 2 -E n down the drift region or 
tube 30 and move down the drift region 30 toward 
the collector electrode 32. The electrons also move 
down the drift region 30, but at a velocity approxi- 
mately 1000 times as fast as the smallest negative 

20 ions. All electrons are cleared from the drift tube in 
less than approximately 100 microseconds. All of 
the negative ions pass through the open grid elec- 
trode E 2 within about 2 mS. After this time the field 
between the open grid electrodes Ei and E 2 is 

25 again reversed as shown in FIG. 3. The negative 
ions continue to drift down the drift region 30 and 
arrive at the collector electrode 32 which is conve- 
niently held at ground potential. The drift time 
varies from light ions to the heaviest ions from 

30 about 5 mS to about 18 mS. Electrons which are 
produced in the region between the open grid 
electrodes Ei and E 2 during the period of approxi- 
mately 2 mS that the open grid electrode Ei is 
more negative then the open grid electrode E 2 also 

as drift down the tube, but arrive no later then 2.1 mS 
of first switching the grids. Thus, the electrons are 
well separated from the lightest negative ions 
which arrive at the collector plate 32 in about 4 mS. 
Additionally, the electron capture process does not 

40 occur in this high field region, so that blurring of 
the ion peaks does not occur. 

During the 2 mS period of the pulse, positive 
ions which existed in the region between the open 
grid electrodes Ei and E 2 prior to the pulse and 

45 those which are produced during the pulse drift 
into the reaction or ionization chamber 26, but do 
not reach the inlet grid diffuser 24 before the field 
is removed. Thus, at the start of the period there is 
an excess of positive ions in the reaction or ioniza- 

50 tion chamber 26. This positive ion space charge 
acts to attract electrons and negative ions toward 
the center of the reaction region and away from the 
walls and grid where they would otherwise be 
discharged. This is an important advantage in con- 

55 taining the electron concentration and in not losing 
negative ions after they have been formed. 

For positive ion analysis, the fi Ids and poten- 
tials are reversed from the embodiment described 
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above, but timing sequ nces can remain the same. 

While the invention has been described with 
respect to a preferred mbodim nt, it is apparent 
that various changes can be made without depart- 
ing from the scope of the invention as defined by 
the appended claims. 

Claims 



ing intensity and arrival time of the collected 
ions; 

whereby th intensity and arrival time ar 
indicative of the amount and identity of con- 
5 stituents of the sample gas stream. 

2. An apparatus as in claim 1, wherein the ioniz- 
ing radiation is provided by a Ni 63 beta source. 



1. An apparatus for detecting constituents in a 10 
gas, characterised by: 

an ionization chamber (26); 

a gas inlet (22) for delivering into the ion- 
ization chamber (26) a sample gas stream to 
be tested for constituents; *s 

means (24) for spreading the sample gas 
stream substantially evenly across the ioniza- 
tion chamber; 

a radioactive source for producing positive 
ions and electrons in the ionization chamber 20 
(26) by irradiating a major portion of the sam- 
ple gas stream and for producing other ions by 
combination or ion exchange with primary 
electrons and positive ions in the sample gas 
stream; 25 

a switchable open grid electrode (E1) in 
communication with the ionization chamber for 
defining an electric field within the ionization 
chamber; 

an elongate drift chamber (30) in commu- 30 
nication with the open grid electrode; 

switching means for periodically providing 
an electric field-free space within the ionization 
chamber (26) to allow ion population to build 
up within the ionization chamber (26) and for 35 
subsequently providing a high electric field 
across the ionization chamber (26), for a period 
of less than one millisecond, which periodically 
causes most ions of one polarity in the ioniza- 
tion chamber to be swept out of the ionization aq 
chamber through the open grid electrode (Ei ) 
and into the drift chamber (30), and which 
causes ions of opposite polarity to be dis- 
charged on walls of the ionization chamber; 

a collector electrode (32) at an end of the 45 
drift chamber (30) opposite the open grid elec- 
trode (Ei); 

means (E2) for providing an electric field in 
said drift chamber (30) between the said open 
grid electrode (Ei ) and said collector electrode so 
(32) at the opposite end of the drift chamber 
for causing ions to travel through the drift 
chamber at drift velocities dependent on their 
respectiv charge and mass; 

means for sequentially collecting ions of 55 
differing mass; and 

means for transmitting collected ion cur- 
rent to a signal processing means for measur- 



3. An apparatus as in claim 1 or 2, in which the 
ionization chamber (26) is a shallow cylinder 
having a diameter between 10-30 mm and a 
length between approximately 2-5 mm. 

4. An apparatus as in claim 1, 2 or 3, in which the 
sample gas velocity is arranged to be main- 
tained below 5 mm/s. 

5. An apparatus as in any of claims 1 to 4, in 
which the periodic electric field applied across 
the ionization chamber directs negative ions 
and electrons through the switchable open grid 
electrode (Ei) into the drift chamber (30) hav- 
ing an electric field which directs the negative 
ions and electrons towards the collector elec- 
trode. 

6. An apparatus as in any of claims 1 to 4, in 
which the periodic electric field applied across 
the ionization chamber directs positive ions 
through the said first switchable open grid 
electrode into the said second elongate cham- 
ber having an electric field which directs the 
positive ions towards the said collector elec- 
trode. 

7. An apparatus as in any of claims 1 to 6, in 
which the elongate drift chamber (30) com- 
prises a plurality of field defining electrodes 
(E3, E*, Es) of hollow cross section, the elec- 
tric potential being uniformly reduced on each 
said field defining electrode towards the collec- 
tor electrode (32). 

& An apparatus as in claim 7, comprising means 
for maintaining a potential between the open 
grid electrode and the first of the field defining 
electrodes; 

means for periodically switching the poten- 
tial between the said electrodes to provide an 
electric field in a reverse direction to the re- 
mainder of the field in the elongate drift cham- 
ber thereby preventing any ions from travelling 
down the longate drift chamber; and 

m ans for periodically switching the poten- 
tial between the open grid electrode and the 
first of the field defining electrodes in th sam 
direction as the remaining field down the elon- 
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gate drift chamber, this field to be switched on 
for approximately between on and two mil- 
liseconds duration beginning synchronously 
with the application of the field across the 
ionization chamber to enable ions to pass into 
the said elongate drift chamber during the 
switching period. 

9. An apparatus as in claim 8, in which the first 
field defining electrode comprises an open me- 
tallic mesh. 

10. An apparatus as in claim 8 or 9, in which the 
potential between the open grid electrode and 
the first field defining electrode is arranged to 
be switched from 100 to 200 volts to a value 
between 100 to 200 volts in the opposite polar- 
ity. 

11. A method for detecting constituents in a gas, 
characterised by the steps of: 

delivering a sample gas stream to be test- 
ed for the constituents into an ionization cham- 
ber; 

spreading the sample gas stream substan- 
tially evenly across the ionization chamber; 

irradiating a major portion of the sample 
gas stream for producing positive ions and 
electrons and for producing other molecular 
ions by combination or ion exchange with the 
produced positive ions and electrons in the 
sample gas stream; 

providing an electric field-free space within 
the ionization chamber for allowing ion popula- 
tion to build up in the ionization chamber; 

periodically providing a high electric field 
across the ionization chamber for a period of 
less than one millisecond for causing most 
ions of one polarity in the ionization chamber 
to be swept out of the ionization chamber and 
for causing ions of opposite polarity to be 
discharged on walls of the ionization chamber; 

providing a drift chamber in communica- 
tion with the ionization chamber and having a 
collector electrode at an end of the drift cham- 
ber remote from the ionization chamber; 

providing an electric field in the drift cham- 
ber to cause ions to travel at drift velocities 
dependent on thei r respective charge and 
mass; and 

sequentially collecting ions of different 
mass; and transmitting collected ion current to 
a signal processing means for measuring in- 
tensity and arrival time of the collected ions, 
whereby the intensity and arrival tim indicate 
the amount and identity of constituents of the 
sample gas stream. 



12. A method as in claim 11, wherein the step of 
delivering a sample gas comprises maintaining 
gas v locity below 5mm/s through the ioniza- 
tion chamber. 

5 

13. A method as in claim 11 or 12, wherein the 
step of providing an electric field-free space 
within the ionization chamber and periodically 
providing a high electric field across the ioniza- 

10 tion chamber is carried out by an open grid 

electrode in communication with the ionization 
chamber and wherein the step of providing an 
electric field in the drift chamber is carried out 
by a first field defining electrode in proximity 

75 to the ionization chamber and at least one 

additional field defining electrode spaced inter- 
mediate the first field defining electrode and 
the collector electrode, and wherein the meth- 
od further comprises the steps of: 

20 maintaining a potential between the open 

grid electrode of the ionization chamber and 
the first of the field defining electrodes; 

periodically switching the potential be- 
tween said electrodes to provide an electric 

25 field in a reverse direction to the remainder of 

the field in the drift chamber for preventing 
ions from travelling down the elongate drift 
chamber from the ionization chamber; and 
periodically switching the potential be- 

30 tween the open grid electrode and the first of 

the field defining electrodes to the same direc- 
tion as the remaining field down the elongate 
drift chamber, this field being switched for ap- 
proximately between one and two milliseconds 

35 beginning synchronously with the periodic ap- 

plication of the field across the ionization 
chamber for enabling ions to pass into said 
elongated drift chamber during the switching. 

40 14. A method as in claim 13, wherein the potential 
between the open grid electrode of the ioniza- 
tion chamber and the first field defining elec- 
trode is switched from 100-200 volts to a value 
between 100-200 volts in the opposite polarity. 

45 
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